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DEVICE AND METHOD FOR COATING AND/OR SURFACE 
MODIFICATION OF OBJECTS IN A VACUUM BY MEANS OF A PLASMA 

BACKGROUND OF THE INVENTION 
5 1 , Field of the Invention 

The invention concerns a device and a method for coating and/or surface 
modification of objects in a vacuum using a plasma, in which there is the possibility 
of coating or modifying variform objects on all sides without a large expenditure for 
plant and process engineering being required. Besides coating or modification, it is 
10 also easily possible to conduct cleaning, etching and/or activation to improve, for 
example, the adhesion of coatings that may be subsequently applied. 

Besides the modification of regions of objects that are close to the surface it 
is also possible by means of the invention to apply particularly microscopically 
dense metal coatings or compound layers that have low roughness, 
j 5 2. Description of the Prior Art 

The deposition of coatings on objects using a planar direct current magnetron 
is known from G. Kienel, Vacuum Coating [in German], Volume 2, VD1 Verlag 
GmbH, Diisseldorf, 1993, pp. 160-161. 

Such a solution, however, enables the coating of objects that is to be carried 
20 out spatially in three dimensions only if the objects are moved at the same time, 
which can be realized only with great difficulty and at great costs, if at all, especially 
in the vacuum chambers that are required for this. If such objects have undercut 
areas, these normally cannot be coated. 

In addition, harmful effects from residual gases have to be avoided by 
25 producing a high vacuum, which either greatly increases the time needed to produce 
the vacuum, or requires costly vacuum locks or costly high vacuum pumps. 

Another disadvantage is that larger surfaces are parasitically coated, which 
leads to high losses of the coating material, which has an adverse effect in particular 
for expensive coating materials such as noble metals. In addition, costs for cleaning 
30 are higher because of the parasitic coatings in the chamber and the elements found 
there. 
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The amount of coattng matenal tha, can be applied ,0 the corresponding 
objects is correspondmgly hmi.ed, so tha, a relat.vely freouem mterruption of .he 
coating proeess is necessary for the necessary changeover of the target. 

aMIi ^j» i ^r i T H F INVENTION ANDADyANTAQES 
Thus it is a task of the tnvent.on to propose a device and a correspondmg 
me ,hod w,,h whtch surface modifieat.on and/or coating of objects of quite vanous 
destgns on all sides and op.iona.ly even on undercut surface regions can be ach.eved 
a, low cos, for plant engtneering process engineenng and other expenses. 

[ In accordance with the inventton, this task is solved by the charaeterts.tcs o. 
„a,m I for the device and the characteristics of Clatm 1, for the method. 
Advantageous embodiments and further deve,opnrents of the invention result from 
,he use of the charac.ertsties indicated in the subordinate cla.ms.] 
^FFPp cr-ptPTION OF THE D RAWINGS 

Figm l*Msan™n^^ 
^^ed^leetrode for plasma gejarajjon^nd 
Rgure^hows^eeo^^ 

g eneration. 

OTTAlimDESCRiPTJO^^ 

j^sjor^ed^p^^ 
r.r.c^pem^^n^^^ 

rhroughrtieUu^^ 

.ddij^Mm^^ 
Sjoishownjiojha^^ 
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TherejsmoEenin^Ainc^ — 

fr^rn the, box structure_L Ua 

J th the invention can correspondingly - 

The device ,n accordance ' " fa , he descri ption, of objects 
m „d,f,ed for .he coattng, a,read y ment.oned a, -he start - 
wi , h metals, m «a, aHoys or vanons meta. compounds ,^m«a, 
oxldes or alternately and cumulattveiy for *» ° - ^ ^ 
example, the adheston propert.es of coa,,„ E s that areto^ a P ^ 

. , u.„ „ box structure, which can have, fo, example, 

impIU »c electric ally conductive material ,s used. ,ne » 

reclangle , «^*^ - , - ^ 

„ can, by nselt J « ^ ^ ^ ^ „ be 

, hc approbate * ^ possibillty of raS er,,n g such a box 

B i;::r; — — - ^ - * — 

„, nam* so that direct contact between the ob c s an ^ 
avotded and, apart from that, an electncal ,ns„,a„on , s e^ K> 
25 obj ec, The objects can be tnserted mto the ox ~ p > y _ 

positioned on the lower part. for thfi 
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r„r flat tareets of a coating material to be 
matenal suitable for the coatmg or for flat targets 

arranged on the inner waifs of the box structure 

,„ additton, openings for feed and withdrawal of the workmg g 
„ leas, II opentnglough whtch the ener gy to produce a glow charge can 

...» Z us wavs. For this there is on the one hand the possibthtv of utse.ng a 

yia " ' • in tn the interior of the box structure and supping 

« through an opentn < ^ ^ ^ ^ ^ ^ 

airect or alternating ^ curr n o ti, >e ^ ^ 

electrode is connected as the anode. 

cur rent can he ,ow fre q uenc y , medium freouencv o^*™ „„„ 
Another possibil.ty for generating the plasma ,s .0 
! _ L tnto the tnterior of the box structure and thus to generate the 

P ' 3Sma Since the box structure has a negative electrtca, po.entia, compared to the 
pl a Sm a Irta, can be strtpped a, the inner surface through 
Lrgv pos.tive tons from the plasma (cathode _ be 

, deposed on the objects. However, ' "^Z^^^ 

s „bsurface regton of the objects „e,d in the box structure. The objects 

5 t>y mui^ ohiects n addition to 

and the plasma i, is possible to mittate coating o * 1 * ■ 

on a„ stdes ,s 

30 undercut regions, wtth mcreased wor k ,ng pressure, w , . P 
dlst r,bution of the strtpped matenal components, havtng a favorable 



f om and nearly simultaneous modification a„d,or coring of objects can be 



uni 

achieved. 
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The coating matena, tha, ,s not dtrectly depostted on the surfaee of the object 

,o the coaung process. Since dtspersed coanngs are depos.ted on,y on re.afve, 
I Hntema, fL 8 s in the box structure such as, for example, the support on „h, 
I objects are he,d, the c,eani„ g cos, ,s reduced consider^ compared to the 

^ * * , - ^ ^ ,» - - - 

an adverse effect on the unahty of the iayer and iayer adheston ,n vacuum c„a.,n B 

I throng thetr desorption durin g coattng can be — ve, 
ffectve.y through ion bombardment remova,. For ,h,s the manor of he ox 
lure can he Ceaned re,a,,ve,y shorty before the actna, coatmg w„h a low 

"power, ,o„ negahve potent.a, on the box structure a„d,or by proving a 
"nerattng pressure, so tha, no addition, techmca, retirements have to be 
^remove the adsorbate iayers and the adsorbate after being separateo can «.„ 
be drawn out with the operating gas. 

With the dev.ee in accordance with the mventton there ,s also the poss.bdu, 
of alrealy removtng a ,argc proportion of the adsorbate tayers before ,„,t,a„„ g he 

II ls har g e and plasma generation wtth the mtroduc.ton and evacuat.on of 
I ry ope ating gas during the evacuation phase. Re.ativeiy W* operatmg gas 

^ed or h,s. since the box structure and „s tnner surface can be relattve y sma 
lomZed to the tnner surface of the tradttional vacuum coatutg chambers, for ec,a, 
volumes of objects that are to be coated. 

Throu h the ion bombardment the tuner surface of the box structure 
heated in a s.mpie manner and way and wtthou, addttiona, technical cos,, so tha, 
desorption of the adsorbate layers can be considerably accelerated. 

f ,he box structure is used in a larger vacuum chamber and accordmgly doe 
not ,,se,f ac, as a vacuum chamber, there s,„, remains ,he effect «^ ^ 
,he box structure cannot force any desorbablc gases from the „a„s of larger 



20 g: 
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of i,s op ;::; h e « - — . *- » - — ana - ,io i: 

of the box structure is very effecnve, and the necessary operating 

such . coating materia, are arrang^ h ^ *e ^ ^ ^ 

eonsideraMy >ar g er and the process h s - ^ ^ 

for recharging with coating ma.enal. In addmon, 

..„,,., ^ even when severe smppmg of coating material has 

zz:^ „ . *- » — — — by • 8reai mvt 

,MCkneS ;e box secure can. in combination with the pressure of the operate „ 

expensive penrtanen, magnets be.ng nece , ^ ^ ^ 

the condition pressure-tube tns.de diameter - 33 3 P 

„f 1 3 33 1 33 3 Pa-cm that was mentioned by M. v. Ardenne 

=r:rr,;::;— 

...-». - - — — - •- *-":*"; *. 
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Wa,eI t'lady noted, tire difference of potentials between *e generated piasma 

v ,,v affected and can be established in the range 
and the box structure can be specially affected and ^ 
mo to 1000 V Here the smaller voltage values are 

t e hLr voltage values are necessary for applymg a coat,, 
modification and the higher voltag . fically established in the range 

The pressure in the box structure can be s P ec,ticall> 

between 10" 3 to 10 mbar. few 
™. openin, for withdrawal of the operat.ng gas has a b 

'•••-:r::r:"r-----.-— 

maximum of 10 times as large as the objects. about 0 ,o /o t0 30%. 

. __.^„ W fill the interior of the box structure to a volume of about 0. 
3 — electrically isolated from the structure, ^ 

20 thes . He:!, i, , also poss, b ,e .o - - — ds - . — ~* 

or indium-un oxide. ^ bc a c , ea „ ary 

The operating gas, especially for tu.slr.ng 

, „„ However an operating gas mixture of an men gas ana 

cent j: S per nr.nnte a, standard tenrperatnre and pressure, and a „_ 
' M0 toTZ snral, eoatrng or no coa,,ng a, a„ ,s — * 

» — — ~- the rr^^^-- 

under 200 V and/or the pressure should be increased by 
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t f this kind a surface modification, as already noted in general, can 
With adjustment of this kind a sun* 

be carried out. , . t produce 

The device in accordance with the invention can also be P 

it , s mixed into the inert gas stream. If P° ^ 
automatic turbuW mixing takes place due to the applied vacuum. 

« - * -nera, form and then ,n more detail usingtwo specific cample, 

him , u structure 01 uiv 

Aft er putting the o,ec,s in the box ~ * - ^ ^ 

surrounding vacuum chamber rs evacuated o„. by means 

*wlv afterwards flushing with the operating gas is came 
the same time or shortly afterwa ^ box 

adsorbatelayerstakesplacebymeansofthis. ^ ^ 

After sufficient cleaning the pressure ,s reduced to P 
oetween 0.00! and 1 mbar by reducing ,e feed of «^ ^ 
H difference between the box ~ *P« — 

place , for example, by increasing , nega p 

voltage is supplied ,0 the box structure. Due this, „ 

■ ■ j fmm ,he inner wall of the flat structure and the objects 

is stripped from the inner w .„ the coatinii to be applied a pure 

30 inert gas or an inert gas-reactive 
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■ f active gas however, must be estabbshed ,n despondence with the 

fraction of reactive gas, 

desired layer structure. operating gas in 

Th e„ tbe S ,». discharge can be sw.tched off. . supp 
, h e pump disconnected and the vacuum chamber or the bo, structure 

- m i fi r r :r:::::::-i . ,„ „ h*. 



specific detail. 



10 Exampjei wWch ls sha ped as a tube, is 

The objects are pu, ,n,o ,he box struct « ^ ^ 

i »r>A ronsists of block coppei. i 
s,,ua,ed in a vacuum vessei, and ^ argo „ 

vacuum vessel the vacuum pump ts connected. At 

a, about ,00 cm'/mintSTP) i. earned ouf ^ ^ ^ ^ ^ 

, r ,»o^int, a nressure of 5 mbar me dua 
15 U """ '-" ° "" , ,„ „ rod sh aped anode mserted into the box snwu.e 

potentra, of 300 V compared to a , ^ .* 
and the glow discharge is mutated. Thts causes 

20 0.5 mbar by reducing the teeo 01 g 

W V.-«^^^J^X , s switched off b y 

After 10 mm coating time the g ^ 

disconnected and the box structure ,s aerated. The 
25 are opened and the coated objects are removed. 



^,s are pu, mto the box structure ^ £ ^^J^ 

— ***** * — - ^ - 

30 which is coated nearly completely on its 
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connected. f th box Shortly after 

he g low dischar g e i. ,n,,a,ed .V -in 6 on .he nr— - ^ 
Ato 3 m ,n cleamng *e pressure ,s reduced .o 0.3 mbar y 

titanium nitride takes place. operating 

Afte r ,5 mm of c„a.in g ,he g low d.scharge ,s urned of 
g a SSUP p, y s,„ P ped.T h e P u m p i s,so,a«ed bya va,vea„d th e b ox,saera 

1S opened and .he objects are removed. ^ ^ 
,„;,»,i„n of possible examples ot a device 

L 1 lie «Ji 5^nw. 

invention is described in more detail below.] 

[Here ' ] , nf a device in accordance with the invention 

[Figure 1 shows an example of a device in 

^ ni ^^^^^ m accordance with the 
; ure , represen, a box suture 1 ^ — ^ ^ 

[E ,ectrodc , *ch is in ^ =- — - ^ „ msu , a „ 0 „, 

additional opening 6'. Between anode 5 and 
30 no. shown, so .h, .he po.en.,a, are separa.e from one ano.her, 



# 
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,„■ r , - shows a eyhnciriea, box strue.ure U in wh.cn again several oojec.s 
[F,gu,e . shows > smciure ^ upper fece „ 

9 are arranged on a support 7 insulated 

lh ,h,s examp,e there are two open.ng 3 o ( ^ 

r.t=s«-s.-= 

- tv^hnx structure 1.] 
support, iiOiiL «^ 
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Claims 

J(nr surface modification of objects in a 
, A device for coaling and/or surface ^ ^ 

_ by means of a Pi^a, which , — ^ ^ „ £a „ 
be inserted into a vacuum chamber, from ^ mner 

wall , a, ieas, one opening (3) for s P J ^ ^ for gmeratl0n of a 

operalinggasandan o^S,.^ ^ ^ ^ ^ . that 1S 

Ceclrode (5), » which a DC or AC vohage ,s app «d 
Led ,n, 0 , h e b o X s,ruc,ure«„. h rough an opening^,. 

• Claim 1 which is characterized by the fact that 
3 . A device as in Ctaim ^ ^ ^ ^ 

microwaves for plasma generation are directed, 

through opening (6). 

• r ofClaimsl-S^claunl^chischaractenzedby 

- 4 a r r — — - box 

the fact that the objects (2) are arrang 
structure (1)- 

• r of Claims 1-4,] claim! which is characterized by 
c a device as in [one of Claims i ,] . 

w t (21 are supplied with a settable electrical potential. 
2 5 the fact that the objects (2) are supp 

• r of Claims 1-5,] claim! which is characterized by 
6 . A device as m [one of Claims — 1S fomed 

the fac t that the inner waUofthe boxstructure - 

ofaC oatingmatenalorisarranged there asanat targe, 

30 
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7 A device as in (one of Claims 1 .1 _-— 
^faeUhaUheboxslruclureO.-ooled. 

, , 71 claim iwh.ch is characterized by 
8 A dev,ce as in (one of Claims - ,1 ^ ^ ^ of the 

objects (2) and the objects (2) 
percentage of 0.1% to 30%. 

• , 81 claim 1 which is characterized by 
, A dev.ce as in [one of CI- ^ ^ ^ ^ sum of the 
u W the withdrawal opening [(5)1 Lil 
10 thefactthatthesrzeofthe QX structure (1). 

larg erofthe other openmgs (3,6,6) o 

f Claims 1-9,] cjaml which is characterized by 

the fact that the box structure (D 
j 5 alloy or a metal compound. 

• n f the surfaces of objects 

mth a device as in t «» «* ^ flushing ^ an operating 

that after evacuation to a sufficed o» « ^ ^ and the 

,„ gas a plasma is grated ,n the bo* - ^ of lh e surface 

' ne 6 a,,ve P o,en,,a.of*e,oxs,ruetur « « ^ ^ ^ ^ ^ (1 , 

an,or, tnrou^ materia, strippins - 
c „a,,n g of. h esurfaceof, h eo b) ec,(»,c 

,. „ which .s characterized by the fad *a. 
12. ^ method as m Ciaim U, rf ^ adsorba te 

„,f,cat,on or coating an ion-supported rp (1) 
before modification o potential applied to the no 

, ayers ,s earned out with applied negatrvep 

and glow discharge initiated. 

n A method as in [Claim i 

30 during the coating. 

lhe fact that reactive gas .s supplied dung 
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f c.a, ms u-»J d*- 11 whi * ' S 

, 4 A method as m (one o. alld ,„, 
me surface (2) of the objects. 

f Claims 12-UJ c!aim_12 «*'* ,S 

characterized by the 100 -1000 V. 

+ the range between 
and the plasma is set .n the ra ^ 

f claims 12-15,1 clW^ " 
A method as in (one of flow of 

d bv the fact that f* «" " ^ 

characterized by the 

10-1000 cm 3 /min[STP]. 

f Clatms 12-16.) cjaffitja ' S 
.7. A — d - ^ lOM .:l m od,f,ca«on the ^ 

-irilmcteased.atleas,—. 

r Claims 12-17,1 claimJl whtch « 
18 . A method as in lone ofC ^ ^ ^ ^ w 

• ., bv the fact that a hollo* cathode tlo 
20 charactenzed by the tac 

structute(l). 

. claims 11-18.1 £!»_U 15 
„ a method as m [one . ™ w a ^ of , nerl a nd 

box structure 0)- 
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AUSTRACTOTTHEDISO.QS^ [Summary] 

coaU „ g „ rm oai f y i n g va„ f o m ob J ec l so„ , ltlta , , box 

or process en g ,neer,n g bein g necessary. In « «* ^ m 
straclure o, of an e.ectncaUy conduce nratena, ^ 

can be tnserteo into a vacuum cnanrber ,s usee. Ob e t <-) ^ ^ 

th e box to at leas, one Cosable open.n a ^ ^ 

- I" ^ "~ « * ,CaSt ° Penm a le ope„,„ 8 (*» for 

openIn 8 <0 lor removal of .ne ^ *■ »^ ^ ^ ^ 

introdu c,.o„ of ener g y for of a g.o* * fey 
has a potentia. ,ha, is elecmcal.y ne g a„ve W* respect 

the glow discharge. 



